LHCD as a fixed-target experiment
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Reminder on LHCDb Fixed Target

LHCb as a fixed target experiment, thanks to the SMOG internal gas target
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SMOG data samples

Final summary of fixed-target samples acquired with SMOG in Run 2
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Main physics goals:

# charm production to investigate nuclear effects and (n)PDF at large z;

»# studies of hadron production in novel kinematic regime and collision systems
(notably ), bringing crucial inputs to cosmic ray physics.

First two physics results submitted to PRL in 2018

antiprotons in pHe, PRL 121 (2018), 222001
charm production in pHe and pAr, arXiv:1810.07907, subm. to PRL
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.222001
https://arxiv.org/abs/1810.07907

Cosmic Antiprotons

First measurement of antiproton production in pHe colli-
sions, in kinematic range relevant for the measurement of
cosmic antiprotons in space (production in collisions on
interstellar gas 1s main background to search for possible
dark matter signal)

Visible inelastic cross section compatible with EPOS LHC:

oH1Ob [ BPOS=LHC — 1 08 4+ 0.07 4+ 0.03

—-excess of p yield over EPOS LHC from p multiplicity
Prospects:
® extend to p from
(20-30% of production);
® repeat on 4 TeV beam data
—measure scaling violations

decays

Desiderata: also measure in pp with H, target, use Ds
target to constrain isospin violation for p/n production,
extend energy scan to lower energy
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PRL 121 (2018), 222001
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Result for prompt production compared to
EPOS LHC PRrC92 (2015) 034906
underestimating p prod. by ~ 1.5
EPOS 1.99 Nucl.Phys.Proc.Suppl. 196 (2009) 102
QGSJETII-04 PRDS3 (2011) 014018
QGSJETII-04m Astr. J. 803 (2015) 54
HIJING 1.38 Comp. Phys. Comm. 83 307
PYTHIA 6.4 (2pp + 2pn) JHEP 05 (2005) 026



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.222001

Charm production in fixed targets

# First charm samples from
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https://arxiv.org/abs/1810.07907

arXiv:1810.07907, subm. to PRL
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# Sensitive to x 1n target up to ~ 0.5 =EMC effect, intrinsic charm

Desiderata: increase data size for better accuracy, access other heavy states,
extend to other targets (/{5 for pp reference, heavier targets)
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https://arxiv.org/abs/1810.07907

Goals for LHC Run 3/4

® Increase data size: better accuracy, access rarer states (including bb), study QGP in PbA

#® Extend target choice:
#® Hydrogen and Deuterium would allow to have pp reference measurements,
studies of GPDs/TMDs (through unpolarized observables),
more P production for CR 1n space (production in pp and isospin violation)
#® Nitrogen/Oxygen for atmospheric CR
® Heavier gas (Kr, Xe?). Upgraded LHCb detector (from Run 3) will allow better
reconstruction of central event

LHCb

Implementation: the SMOG2 target upgrade approved

l I

#® contain gas in 20 cm long storage cell

—up to x100 increase of target density for same gas flow;
SMOG VErtex LOcator sensors

oz, L D HHTTHE LT 8 B

up to ~ 10 “mbar on 20 cm

~ 1077mbar on +/— 20 m ‘

#® Jower contamination of beam line =—>more gas species possible;

#® better control over injected gas density (better accuracy on absolute cross sections).
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Possible limitations

» Simultaneous operation of fixed target and p-p collisions 1s in principle
possible, though challenging due to the critical trigger requirements
o Maximum allowed gas flow for the various species still to be determined:

» for Hy and D, possible limitations from embrittlement and, as for other
getterable gases, from the integrity of the NEG coating in the vicinity of IPS;

® heavy noble gases Kr and Xe which will be cryosorbed at the warm-to-cold
transitions of the triplet quadrupoles and cause an increase of the local
secondary electron yield.
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Possible scenario for Run3

Given these caveats, an , still realistic, scenario for the fixed-target
samples to be collected during the 3 years of Run3 1s the following:

System  /Sxy < pressure> L Rate Time [ C
(GeV) (mbar) (em™2s7') (MHz) (s) (pb™ )
pH, 115 41077 61077 4.6  2.5-10° 150
pDy 115 2.107° 3- 103! 4.3 0.3 - 109 9
pAr 115 1.2-107°  1.8-103! 11 2.5 106 45
pKr 115 0.8-107°  1.2-10%! 12 2.5 - 106 30
pXe 115 0.6-107°  0.9-10% 12 2.5 - 109 22
pHe 115 2.107° 3-103! 3.5 3.3-103 0.1
pNe 115 2.107° 3-1031 12 3.3-103 0.1
pNy 115 1-107° 1.5-103! 9.0 3.3-103 0.1
POy 115 1-107° 1.5-103! 10 3.3-103 0.1
PbAr 72 8-107° 1-10%° 0.3 6-10°  0.060
PbH, 72 8-107° 1-10%° 0.2 1-10°  0.010

pAr 72 1.2-107° 1.8-103%1 11 3-10° 5
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Expected yields for some benchmark modes

SMOG SMOG SMOG2
released result largest sample example
pHe @87 GeV pNe@69 GeV pAr@115 GeV

Integrated luminosity 7.6 nb~" ~ 100 nb~’ ~ 45 pb~"
syst. error on J/Ap x-sec. 7% 6-7% 2-3%
JAb yield 400 15k I5M
DY yield 2000 100k 150M
yield 20 1k 1.5M
yield negl. 150 150k
yield negl. -+ Tk
Low-mass (5 — 9 GeV) negl. 5 Ok

Notes:

® list is far from being exhaustive;

® cxtrapolations are crude estimates, just to provide figures of merit;

slide 10



S S F .. Guzey et al. d d e e
z More possibilities
> 4F \ —e— PD-Pb y/5,=5 TeV —LTA S
—é: 35 ;— =EPS09
LETRR e @ UPC physics : interesting cross-section for photoproduced JAb
1 2: o o and 1. (sensitive to odderon) in LHCb-FT, can complement
12 o studies made/ongoing by LHCDb in collisions (pp, pPb, PbPb)
05F
005- e i s 2' — % — 'zltl s . Lansberg et al., JHEP 1509 (2015) 087, Goncalves and Sauter PRD91 (2015) 870, Massacrier et al,
LHCb-CONF-2018-003 Yoy arXiv:1709.09044, Goncalves and Jaime, arXiv:1802.04713

® Potential to study elliptic flow over 3 units of pseudorapidity with full instrumentation at
unique energy scale;

LHCD Pb+p sy =5TeV
1.0< <p; <2.0GeV/e ///
Event class 50-100% /

LHCb Pb+p {syy=5TeV
1.0< P < 2.0GeV/e

® dihadron correlation studies already
demonstrated by LHCb in pPb %jco ~
® yields with SMOG?2 could allow flow =
studies with charmed particles
® no studies in FT performed yet ' Phys. Lett. B76’2 (2016) 473.483

\\\\::e‘\

0'

nature

® A polarization induced by vorticity in HI collisions
(see Becattini et al., PRC 88, 034905 (2013), STAR results on Nature 548, 62-65)
Fixed target collisions have the correct energy scale (effect too small at TeV scale) Rt

# Polarization measurements for A~ and other heavy hadrons in pA are also a needed ingredient
for the MDM/EDM proposed experiment (see talk on LHCb-FT CRYSTAL by N. Ner)
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https://www.nature.com/nature/journal/v548/n7665/full/nature23004.html

® Understanding of lateral profile of (muon puzzle).
Large spread for muon flux predictions among different models, mostly from uncertainty on
baryon production (~ 70%). Measurements at 10% accuracy would greatly help constraining
the models.

Production in pN and pO at 115 GeV could be directly measured, complementing studies at
beam-beam collision energy (notably in pO collisions if such run will be performed)

® Drell-Yan and heavy flavour channels with Hy and D, targets will also give access to
spin-independent nucleon TMDs as the Boer-Mulders functions in a novel kinematic range

JI'Y

Q . N\ »
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Public note summarizing the physics prospects 1s going to be released

% LHCb-PUB-2018-015

Physics opportunities with

the fixed-target program of

the LHCDb experiment using
an unpolarized gas target

Abstract

The LHCh experiment pioneered fixed-target physics with LHC beams, thanks
to the SMOG internal gas target. Collisions of proton and heavy ion heams on
targets with different nuclear size can be recorded at a center-of-mass energy of
 5nm ~ 100 GeV. This note summarizes the physics opportunities offered by the
current fixed-target setup and its upgrade envisaged for the LHC Run 3. Unique
measurements are being performed with Hun 2 data, covering in particular heavy
flavour production in muclear collisions on a wide Fevnman-r range and light particle
production of particular interest to cosmic ray physics. The increase of luminosity
and extension of the cholce of target material, which are being pursued for Bun 3,
open many new possibilities which are reviewed in this document.
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CERN-PBC-Notes-2018-007
Version 2.1

SMOG2 Technical Proposal Presented at the Engineering Design
Review on the 15th of November 2018

V. Carassiti', G. Ciullo®?, P. Di Nezza®, P. Lenisa®?,
L. L. Pappalardo?®3, E. Steffens®, A. Vasilyev® Then Opproved by The LHCb
C. Boscolo Meneguolo!, G. Bregliozzi', R. Bruce!', P.M. Gebolis', G. Iadarola!, Collobora flon
L. Mether!, G. Pigny!, B.K. Popovic', B. Salvant!, C. Vollinger!, C. Zannini'

Istituto Nazionale di Fisica Nucleare, Sezione di Ferrara, 44122 Ferrara, Italy
2 Dipartimento di Fisica e Scienze della Terra, Universita di Ferrara, 44122 Ferrara, Italy
3 Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali di Frascati, 00044 Frascati, Italy
* Physikalisches Institut, Universitit Erlangen-Niirnberg, 91058 Erlangen, Germany
® Petersburg Nuclear Physics Institute, Gatchina, Leningrad Oblast,188300, Russia
6 European Organization for Nuclear Research (CERN), Geneva, Switzerland

Abstract
A proposal for an upgraded version of the existing gas injection system for the LHCb ex-

periment (SMOG) is presented. The core idea of the project, called SMOG2, is the use of a Presenfed af bofh LHC TREX and M PP

storage cell for the injected gas to be installed upstream of the VELO detector. The main

advantage of the proposed system is to increase by up to two orders of magnitude the effective

target areal density, thus resulting in a significant increase of the luminosity for fixed-target No Sh OWSfop p er emer g ed
collisions. Other important advantages are the possibility to inject additional gas species,

including Hy and Do, a better defined interaction region, displaced with respect to the nom-

inal interaction point, and thus possibly compatible with running in parallel to the collider H H
mode (resulting in a further huge increase in luminosity). A technical design of the target P r esenfaf’ on af fh e LH C MaCh’ ne
system is presented together with a description of the installation procedure. Impedance H H

properties and Electron Cloud effects have been studied for the proposed system, and the Comm’ ffee (LM C) meef’ ng ’ TOD A Y”
possible beam instabilities estimated. The geometry of the system has been integrated into

the GEANT4 model of the LHCDb detector in order to validate the target design with reliable

simulation studies, and to ensure that the near-beam material budget has negligible effects

in terms of beam-induced background. The loss in reconstruction efficiency with respect to

SMOG for selected physics channels, due to the displaced interaction region with respect to

the nominal interaction point, is found to be of the order 10%, thus largely over-compensated

by the expected increase in luminosity. The installation of the system is proposed for the

LHC Long Shutdown 2. This will open new physics frontiers at LHCb already from the LHC

Run-3.



Beam pipe N VELO vessel




@)

W11 A R B

n/—
I ‘ ,ﬂ.‘|'|

,5‘.

Fits info the space now taken by the upstream WFS
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D basically completed



R&D basically completed

* Interaction with LHC:



R&D basically completed

* Interaction with LHC:
-vacuum
(G. Bregliozzi, P.M. Gebolis, G. Pigny)

The new Gas Feed System to be positioned in a low-radiation area

A precise measurement of the flow rate and the tfemperature of the gas allows for @

determination of the luminosity to a couple of %
8




































